A thermostable pyrimidine nucleoside phosphorylase has been purified from Bacillus steavothevmophilus JTS 859. The enzyme had a molecular weight of 85,000, consisting of 2 identical subunits (Mw54,000). Its isoelectric point was 4.8. The Michaelis constants for 5-methyluridine, uridine, thymidine, and 2'-deoxyuridine were 0.32, 0.19, 0.46, and 0.58mM, respectively. The optimal temperature of the reaction was 70 C. The enzyme was found not to be a SH-enzymebased on the following three points. First, the enzyme reaction was not inhibited by PCMB or iodoacetic acid.
methyiuridine (pH 7.0) at 70 C. Due to the high optimal temperature, the broad optimal pH range, and the long half-life of the enzyme, the enzymeis useful for practical applications.
Pyrimidine nucleoside phosphorylase (PYNP) (EC 2.4.2.2) catalyzes the reversible phosphorolysis of ribonucleoside and 2/-deoxyribonucleoside derivatives of pyrimidine as follows: pyrimidine nucleoside +phosphate < pyrimidine base -h pentose-1 -phosphate The ribosyl transfer reaction, which has been studied for a long time, is done by purine nucleoside phosphorylase (PUNP) (EC 2.4.2.1), PYNP, uridine nucleoside phosphorylase (EC 2.4.2.3), thymidine nucleoside phosphorylase (EC 2.4.2.4), and a combination of these enzymes. Since the substrate specificities of these enzymes are not strict and by-products are not produced, they have been used for preparation of nucleoside analogues.1~7)
We have studied the ribosyl transfer reaction by thermostable PUNP and PYNP at high temperatures, because thermostable enzymes have several advantages for practical applications.8} Reactions can be done at high temperatures and the reaction rate is also high. Higher yield of enzymes would be expected in purification due to the high stability of ther- Measurement of molecular weight. The operating conditions of gel filtration were as follows: column, TSK gel G3000SW (</> 7.5 x 600mm) (Tosoh Co., Tokyo); solvent, 
Results

Purifica tion
All purification procedures were done at room temperature except dialysis (4°C).
Twenty mMpotassium phosphate buffer (pH 7.0) used for purification is referred as "the buffer" in the text.
Step 1. Cell free extract. Cells (160g) suspended in the buffer (500 ml) were collapsed by a Dyno-mill KDL type (Willy A. Bachofen AC, Basel, Switzerland) for 3.6 min. The buffer was added to the resulting suspension up to 1400ml. After centrifugation (8300 x g, 4°C, 20min), 1300ml of supernatant was obtained.
The precipitate was suspended in the buffer (500 ml) and the suspension was treated by the Dyno-mill (5 min) again. The buffer was added to the resulting suspension up to 1030ml.
After centrifugation (8300 x g, 4°C, 20min), the supernatant obtained was combined with the supernatant above.
Step 2. Heat treatment. The combined supernatant was kept at 63°C for 1 hr with gentle agitation. After centrifugation (8300 x g, 4°C, 20min) 2130ml of supernatant was obtained.
Step 3. Acetone treatment. After adding a solution (-10°C) consisting of acetone (200ml) and the buffer (200ml) to the heattreated supernatant, 1.8 1 of acetone (-10°C) was added to it. It was kept at 5-10°C for 15 min with gentle agitation. After the precipitate was removed by centrifugation (9000 x g, 4°C, 5min), 2.51 of acetone (-10°C) was added to the supernatant. It was kept at 5-10°C for 15min with gentle agitation. After centrifugation (9000 x g, 4°C, 5min), the collected precipitate was dissolved in the buffer (800 ml).
Step 4. Acid treatment.
The enzyme solution was adjusted to pH 4.5 with 1 m phosphoric acid and it was kept at 4°C for 1hr with gentle agitation. After centrifugation (8900 x g, 4°C, 1 hr), the pH of the supernatant was adjusted to 7.0 with 1 m KOH.
Step 5. 1st DEAE-Toyopearl 650M chromatography. The enzyme solution (800 ml) was applied on a column of DEAE-Toyopearl 650M (200ml) (Tosoh Co., Tokyo). The column was washed with the buffer (2 1) and with the buffer (1 1) supplemented with 50, 100, 150, and 200 mMNaCl. The enzyme was eluted with the buffer supplemented with 100mMNaCl.
Step 6. 2nd DEAE-Toyopearl 650M chromatography. After the same amount of the buffer was added to the enzyme solution to dilute the NaCl, the enzyme solution was adjusted to pH 8.0 with 1 m KOH, then applied on a column of DEAE-Toyopearl 650M (400ml). The enzyme was eluted with a linear NaCl gradient from 50mM to 200mM in the buffer. The active fractions were collected. The enzyme solution obtained was dialyzed against the buffer.
Step 7. Butyl Toyopearl 650S chromatography. Ammoniumsulfate (27.9 g) was added
to the enzyme solution (176ml) then the pH was adjusted to 7.0 with 1m KOH.This solution was applied on a column of Butyl Toyopearl 650S (100ml) (Tosoh Co.). The enzyme was eluted with the buffer supplemented with 1.2m ammonium sulfate (100ml) (pH 7.0) and further with a linear ammonium sulfate gradient from 1.2m to 0m in the buffer. The active fraction (75ml) was collected. The enzyme solution was dialyzed against the buffer.
Step 8. TSK gel DEAE5PW chromatography. The enzymesolution was applied on a column ofTSK gel DEAE 5PW (Tosoh Co.). The enzyme was eluted with a linear NaCl gradient from 50 to 225mMin the buffer (pH 8.0) at the flow rate of l.Oml/min.
Step 9. TSK gel G3000SW chromatography. The collected enzymewas applied on a column of TSK gel G3000SW. (Tosoh Co. The enzymatic activity was measured by the method described in the text.
suits of the purification are summarized in Table   I .
Molecular weight
The molecular weight of the PYNP was 85,000 by gel filtration and 54,000 by SDSpolyacrylamide gel electrophoresis (Fig. 1) .
Isoeleetrie point
The isoelectric point of the PYNPwas 4.8
by isoelectric focusing (Phast System, Pharmacia LKB Biotechnology).
Amino acid composition
The amino acid composition of the PYNP was analyzed. The number of each of the amino acids per subunit was calculated based on the molecular weight of the subunit (54,000) ( Table II) . The PYNP did not contain cysteine.
Effects of temperature on the reaction The reaction was done at 40-80°C (Fig. 2) . Thymine was released with time up to 70°C, but heat denaturation was observed at 80°C. The optimal temperature for the reaction was 70°C. Ejfects of pH on the reaction The effects of pH on the reaction were examined in potassium phosphate buffer and in several kinds of buffer. A broad pH-activity profile was obtained as shown in Figs. 3 and 4 . The optimal pH was from 7.0 to ll.5.
Substrate specificity and Kmvalues PYNPcould catalyze the phosphorolysis of 5-methyluridine, uridine, thymidine, and Tdeoxyuridine but not cytidine or purine nucleosides. Kmvalues were calculated as shown in Table  III .
Effects of inhibitors on the reaction
The effects of sulfhydryl reagents on the reaction was examined. The PYNPwas not inactivated by /?-chloromercuribenzoate (PCMB) or iodoacetic acid at a concentration of 1 mM (Table IV) . This result shows that sulfhydryl groups were not involved in the active site of the PYNP.
Thermostability of P YNP The thermostability of the PYNPwas exam- h SD, standard deviation (n-3, except control n=6). PYNP (5.50//g/ml) was kept in 20mMpotassium phosphate (pH 7.0) (-#-) and in 20mMpotassium phosphate and 1mM 5-methyluridine (pH 7.0) (-O-) at 70°C. The remaining activity was measured by the method described in the text.
ined and the effect of a substrate (5-methyluridine) on the thermostability was examined at 70°C as shown in Fig. 5 . Half-life of the PYNP was 25 min in 20mMpotassium phosphate and 15.1hr in 20mM potassium phosphate and 1 mM5-methyluridine at 70°C. The PYNP was completely inactivated after 1 hr of incubation in 20mMpotassium phosphate at 80°C, but the residual activity of the PYNPwas 9% after 1 hr of incubation in 20mMpotassium phosphate and 1 mM5-methyluridine (pH 7.0) at 80°C. Thus, the PYNPwas stabilized by the presence of a substrate, 5-methyluridine.
Discussion
The PYNP has been purified 400-fold from B. stearothermophilus JTS 859. The PYNP had an apparent molecular weight of 85,000 with a subunit molecular weight of 54,000. It might be that the PYNP consisted of two identical subunits.
PYNP was purified from B. stearothermophilus NCA10 by Saunders et al.l4r ) Although these two PYNPs have similar Km values for uridine and thymidine, they were different in molecular weight, optimal pH, and thermostability.
The PYNP from B. stearothermophilus NCA10 had a molecular weight of 78,000, had a narrow optimal pH range, pH 6.5-7.7 and lost its activity in 1 hr of heat treatment at 70°C in the absence of substrate.
Although several PYNPshave been purified from various sources, it was not clear whether they were SH-enzymes or not.14~16) The PYNPfrom B. stearothermophilus JTS 859 was a non-SH-enzymebased on the following facts. First, the PYNPwas not inactivated by PCMBor iodoacetic acid (Table IV) . Second, the optimal pH of reaction was very broad, pH 7.0-ll.5 (Figs. 3 and 4) . The enzyme activity was not changed around pH 8.3 (cysteine SH pKa = 8.3), suggesting that no sulfhydryl group wasinvolved in the active site of the PYNP. Third, the amino acid analysis showed that the PYNP did not contain cysteine (Table II) . The PYNPmight be advantageous for practical applications due to the broad optimal pH range based on non SH-enzyme. 
